Objective: T h i s s t u d y investigated the distribution pattern of refractive status and prevalence of refractive errors in school-age children in Western China to determine the possible environmental factors. Methods: A random sampling strategy in geographically defined clusters was used to identify children aged 6-15 years in Yongchuan, a socio-economically representative area in Western China. We carried out a door-to-door survey and actual eye examinations, including visual acuity measurements, stereopsis examination, anterior segment and eyeball movements, fundus examinations, and cycloplegic retinoscopy with 1% cyclopentolate. Results: A total of 3469 children living in 2552 households were selected, and 3070 were examined. The distributions of refractive status were positively-skewed for 6-8-year-olds, and negatively-skewed for 9-12 and 13-15-year-olds. The prevalence of hyperopia (≥+2.00 D spherical equivalent [SE]), myopia (≤-0.50 D SE), and astigmatism (≥1.00 diopter of cylinder [DC]) were 3.26%, 13.75%, and 3.75%, respectively. As children's ages increased, the prevalence rate of hyperopia decreased (P<0.001) and that of myopia increased significantly (P<0.001). Children in academically challenging schools had a higher risk of myopia (P<0.001) and astigmatism (≥1.00DC, P =0.04) than those in regular schools. Conclusion: The distribution of refractive status changes gradually from positively-skewed to negatively-skewed distributions as age increases, with 9-year-old being the critical age for the changes. Environmental factors and study intensity influence the occurrence and development of myopia.
INTRODUCTION
Childhood visual impairment due to refractive errors is one of the most common problems among school-age children and is the second leading cause for treatable blindness [1] . Vision 2020: The Right to Sight, a global initiative launched by a coalition of non-government organizations and the World Health Organization (WHO) [2] , is to eliminate avoidable visual impairment and blindness on a global scale. In China, the problem of uncorrected refractive error is particularly common [3] , and the refractive errors have become one of the leading causes for visual impairment and blindness, especially among children
MATERIALS AND METHODS

Sample Selection
A cross-s e c t i o n a l s t u d y w a s c o n d u c t e d i n Yongchuan District, one of the 40 administrative districts in Chongqing City. Chongqing city, with a registered population of 30.51 million (2000 Census), is considered an economic and cultural center of Western China [19] . Yongchuan District was chosen for this study because it had a relatively stable population (-0.97% annual average growth rate from the 2000 Census), with its socioeconomic status being ranked middle in Western China and most residents in this district being Han Chinese.
I n t h i s s t u d y , c l u s t e r s w e r e d e f i n e d b y g e ographical residential areas, called residence administrative community (RACs) and villages. Those RACs and villages with large populations were further divided a n d t h o s e w i t h s m a l l p o p u l a t i o n s w e r e c o mbined to create clusters with estimated 100 to 150 eligible children each. The calculation of sample size was b a s e d o n p r e l i m i n a r y s t u d i e s c a r r i e d o u t f r o m S e ptember 6, 2006 to October 7, 2006 , in which 324 aged 6-15 year-old children were randomly selected. The prevalence of refractive errors was 20%. The level of significance was set at 5% (two-tailed), and the tolerable error (type B error) was set at 1.5%. The sample s i z e f o r t h i s s t u d y w a s c a l c u l a t e d a s f o l l o w s: n≈Z 2 (ρ)(1-ρ)/B 2 , where ρ=0.2, B=0.015, and Z=1.96 for a 95% confidence interval; and the error bound was 7.5%. After adjusting for an anticipated 10% nonparticipation rate, the sample size was determined to be 3,005 [20] . Among the 78 clusters that met the study criteria, 28 were randomly selected for the study, including 6 from urban areas, 13 from rural areas, and 9 from suburban areas; in the latter regions approximately 1/3 of people were registered as urban residents and the remaining 2/3 as rural residents. It was estimated that 3469 eligible children were living in the 28 clusters, exceeding the required sample size of 3005.
The inclusion criteria were the following: 1) actual age was 6-15-years old on the examination day; 2) parents or legal guardi an s s igned an i nform ed consent; and 3) there was no history of systematic cardiovascular or nervous diseases, such as congenital heart diseases, hypoxic-ischemic encephalopathy, and learning difficulties. The exclusion criteria were the following: 1) Children who had eye injuries or eye diseases (e.g., corneal opacities, cataracts, fundus pa-thology, etc) that affected visual functions; 2) children who had a history of untreated closed-angle glaucoma or untreated anatomically narrow angles -information obtained from anterior segment examination and medical history; 3) children who were allergic to any ingredient in 1% cyclopentolate solution; 4) children who refused to continue the examinations due to eye discomfort during cyclopentolate administration (e.g., burning, photophobia, irritation); and 5) children who moved eyeballs excessively during examination.
Field Survey
According to the 2000 Census, households with eligible children were chosen based on resident address. Children aged 6-15 years having lived in census-identified households for at least six months were selected. Those who were selected but temporarily absent from the area at the time of selection were also included. During door-to-door selection interviews, a parent or legal guardian of the child was informed of the study details, including the side effects of pupillary dilation and cycloplegia and the assigned time for eye examination. Parents who had expressed hesitancy or reluctance to participate in this study were invited to a semina r f o r f u r t h e r i n f o r m a t i o n o n t h e study. The study only included children whose parents or legal guardians signed the consent form. The selection process was completed in one month, from August 8, 2006 to September 5, 2006 . Human subject research approval for the study protocol was obtained from WHO's Secretariat Committee on Research Involving Human Subjects. The study protocol was also approved by the local ethics committee. The protocol adhered to the provisions of the Declaration of Helsinki for research. The Bureau of Education and Bur e a u o f H e a l t h i n Y o n g c h u a n D i s t r i c t a p p r o v e d t h e implementation of this study.
Eye Examination
Eye examinations were performed by a medical t e a m c o n s i s t i n g o f t h r e e o p h t h a l m i c n u r s e s , t w o ophthalmologists, and one optometrist, between October 8, 2006 and January 1, 2007. Examination included an assessment of visual acuity, stereopsis, and ocular motility. A slit lamp assessment of the anterior segment and a dilated fundus examination was also performed.
The examination process began with testing v i s u a l a c u i t y a t 4 m u s i n g E T D R S L o g M A R v i s u a l acuity chart (Precision Vision, La Salle, IL) [21] . After testing stereopsis with digital stereograms, the ophthalmologist evaluated the anterior segment with a slit lamp and ocular motility was assessed using a pen torch. Both pupils were then dilated with two drops of 1% cyclopentolate at five minute intervals, and the pupillary light reflex was checked 20 min later. If the pupillary light reflex was still present, a third drop was administered. Light reflex and pupil dilation were evaluated an additional 15 min. Cycloplegia was considered complete if the pupil was dilated to 6 mm o r m o r e a n d t h e l i g h t r e f l e x w a s a b s e n t . After the f u n d u s e x a m i n a t i o n w a s p e r f o r m e d w i t h a d i r e c t ophthalmoscope (YZ6E; Six Six Vision Corp., Suzhou, China), refraction was performed with a streak retinoscope (YZ24; Six Six Vision Corp., Suzhou, China). Because the examination was carried out in the winter, photophobia after mydriasis was not obvious. All the examined children did not have assigned homework on the examination day, avoiding the difficulties in reading and writing caused by ciliary muscle paralysis. Children with refractive errors without correction were referred to a local eye hospital for further diagnosis and treatment.
Data Management and Analysis
Household selection and clinical examination data were reviewed for accuracy and completeness before the computer-aided data entry. Refraction of astigmatism was expressed by SE (SE = sphere + 0.5 × cylinder). The refraction distributions of all age groups were expressed as mean ± standard deviation (SD) and median values of diopter for both eyes. Since the refraction distributions of left eyes and right eyes were similar (Pearson coefficient = 0.90) and the data from left eyes had fewer outliers, only the data from left eyes were presented in this report. The distributions of refractive status were further analyzed by d i v i d i n g t h e c h i l d r e n i n t o t h r e e a g e g r o u p s : 6-8-year-old (Grades 1-3), 9-12-year-old (Grades 4-6), and 13-15-year-old (Grades 7-9). The division was based on different learning stages. One-way analysis of variance (ANOVA) and least significant difference (LSD) multiple comparisons were carried out to test significance of the differences between diopter means of different age groups. P<0.05 was considered statistically significant. Furthermore, Kolmogoroy-Smirnov (KS) tests were utilized to perform the normal distribution tests for the refractive distributions of every age as well as every age group.
Children were considered hyperopic (defined as ≥+1.50 D SE or ≥+2.00 D SE) if one or both eyes were hyperopic; myopic (defined as ≤-0.50 D SE) if one or both eyes were myopic; astigmatism (defined as cylinder powers ≥0.50 DC or ≥1.00 DC) if one or both eyes were astigmatism. Astigmatism was further a n a l y z e d b y d i v i d i n g t h e s u b j e c t s i n t o t h r e e t y p e s : hyperopic astigmatism (simple hyperopic astigmatism and compound hyperopic astigmatism), myopic astigmatism (simple myopic astigmatism and compound myopic astigmatism), and mixed astigmatism. Confidence intervals for the prevalence estimates were calculated. All data were statistically analyzed with a SPSS software program (SPSS for Windows, Rel.13.0.0.2004; SPSS, Chicago, IL). Chi-square tests were applied to compare the prevalence of hyperopia, myopia, and astigmatism among different groups. When outcome variables (had refractive error or not) were used in logistic regression, we analyzed the factors such as age, gender and school type affecting the prevalence of refractive errors.
Quality Assurance
All investigators and staff involved in this research participated in an intensive two-day training. Demographic data were collected by qualified nurses. During a complete examination, the tested children went through six separate stations: visual acuity assessment, stereopsis, anterior segment and eye movement examinations, eye drop instillation, cycloplegic retinoscopy, and fundus examination. The quality of examination for each station was controlled by the leading investigators. Because a senior investigator was assigned for the quality control for each of t h e s i x s t a t i o n s a n d e v e r y s t a t i o n ' s r e c o r d w a s p r oduced independently, this research procedure minimized possible systematic biases that could be present w h e n o n l y o n e p e r s o n p e r f o r m e d m u l t i p l e t e s t s o r multiple people performed one test.
RESULTS
Characteristics of the Study Population
The randomly selected 28 clusters included 3611 households, of which 2552 households (70.67%) had a total of 3469 children aged 6-15 years. Among the 2552 households, 1713 (67.12%) had one child and 839 (32.88%) had two or more children. Among the 3469 children, 399 children were excluded from the study for various reasons: 197 refused to participate in the eye examinations, nine had potential risks for cycloplegia, 36 had eye discomforts, 86 had other pathological conditions (systematic diseases such as congenital brain diseases and cardiovascular diseases), 63 were unable to continue the examination due to non-cooperation, and eight had unclear fundus reflexes in eyes with corneal or media opacities. Finally, 3070 children (88.50%) met the study criteria, including 1611 boys (52.48%) and 1459 girls (47.52%), with the gender ratio (M:F) being 1.1:1.0. Girls had a better response rate (90.56%) than boys (86.71%). The average age was 10.41 ± 2.73 years old. Table 1 shows the d e m o g r a p h i c m a k e u p o f t h e s t u d y p o p u l a t i o n . The 324 children from the pilot study were also included in the 3070 children.
Refraction distribution
Refractions of both eyes for all the 3070 children were examined with cycloplegic dilation. The mean refraction was 0.47±1.2 0 D S E i n l e f t e y e s . Table 2 s h o w s t h e d e t a i l e d i n f o r m a t i o n o f S E v a l u e s i n l e f t eyes. From 6-year-old to 15-year-o l d , t h e S E m e a n s displayed a decreasing trend from +1.36 D to -0.14 D SE, but the rate of decrease was not constant. The refraction medians also displayed a decreasing trend as age increased; refractions for 6-year-old children had a m e d i a n o f + 1 .25 D SE, and refractions for 15-year-o l d c h i l d r e n h a d a m e d i a n o f + 0 .25 D SE. T h e s e r e s u l t s i n d i c a t e d t h a t a s a g e i n c r e a s e s , m o r e children have negative SE values. Then the frequency distributions of the refractive status for children at various ages were studied. The normal distribution tests showed that every age's refractive distribution was abnormal (Kolmogorov-Smirnov test, P<0.001). F i g u r e 1 s h o w s t h e f r equency distribution of SE refraction in the three age groups. Ev e r y a g e g r o u p ' s f r e q u e n c y d i s t r i b u t i o n clearly showed a SE peak. In the 6-8-year-old group, the SE varied from -4.00 to +8.13 D and peaked between +1.25 D and +1.50 D (24.50 % of the children in the group). In the 9-12-year-old group, the SE varied from -10.00 to +5.50 and peaked between +0.75 D and +1.00 (20.80%). In the 13-15-year-old group, the SE varied from -8.0 0 t o + 8 .00 D and peaked between +0.50 D and +0.75 D (20.80%). The refractive frequency distributions for ages 6-8 were positively-skewed (skewness=0.15), but the frequency distributions for ages 9-12 (skewness= -2.67) and 13-15 (skewness=-1.64) showed negatively skewed due to increased myopia in the two groups. Table 3 shows the prevalence of hyperopia, myopia, and astigmatism at different ages. Among the 3070 children, 384 (12.5 1 % ) h a d h y p e r o p i a i f t h e ≥ +1.50 D SE standard was used or 100 (3.26%) had hyperopia if the ≥ +2.00 D SE standard was used; 422 (13.75%) had myopia (≤ -0.5 D SE); 343 (11.17%) had astigmatism if the ≥ 0.50 DC standard was used or 115 (3.75%) had astigmatism if the ≥1.00 DC standard was used. These results demonstrated that age had a significant influence on the prevalence of hyperopia and myopia: as age increased, the prevalence of hyperopia markedly decreased, and that of myopia significantly increased. The prevalence of hyperopia was 48.12% (≥ +1.5 0 D S E ) a n d 9 .2 1 % ( ≥ + 2 .00 D SE) among 6-year-olds. The prevalence of hyperopia was significantly decreased to 1.33% (≥ +1.50 D SE, χ 2 =133.762, P<0.001) and 0.89% (≥ +2.00 D SE, χ 2 =16.341, P<0.001) among 15-year-olds. Furthermore, the prevalence of myopia significantly increased from 0.42% to 27.11% from 6 to 15-year-olds (χ 2 =71.329, P<0.001). Figure 2A shows the prevalence of refractive errors in different groups.
Prevalence of refractive errors
Age did not significantly affect the prevalence of astigmatism (≥ 0.50 DC, χ 2 =11.548, P=0.24; ≥ 1.00 DC, χ 2 =8.806, P=0.46). The prevalence of astigmatism was 11.3 0 % ( ≥ 0 .50 DC) and 4.1 8 % ( ≥ 1 .00 DC) in 6-year-olds, and 14.22% (≥ 0.50 DC) and 4.89% (≥ 1.00 DC) in 15-year-olds. G e n d e r d i d n o t s i g n i f i c a n t l y a f f e c t t h e p r e v alence rates of hyperopia (≥ +1.50 D SE, χ 2 =1.079, P=0.30; ≥ +2.0 0 D S E , χ 2 =2.977, P=0.08), myopia (χ 2 =0.458, P=0.50), and astigmatism (≥ 0.50 DC, χ2=0.472, P=0.49; ≥ 1.00 DC, χ 2 =0.684, P=0.41), although girls had slightly higher prevalence of refractive errors than boys ( Figure 2B) .
The prevalence o f h y p e r o p i a ( ≥ + 1 .50 D SE, χ 2 =0.02, P=0.88; ≥ +2.00 D SE, χ 2 =1.65, p=0.20) did not differ between children in academically challenging schools and those in regular schools. The prevalence of myopia and astigmatism among children in academically challenging schools, however, were significantly higher than that in regular schools. The prevalence of myopia in academically challenging schools and regular schools were 32.68% and 9.78% (χ 2 =85.53, P<0.001), respectively. The prevalence of astigmatism (≥ 1.00 DC) in academically challenging schools and regular schools were 6.32% and 3.54% (χ 2 =4.41, P=0.04), respectively ( Figure 2C ). Table 5 shows the comparisons of different types of astigmatism between the children in academically challenging schools and those in regular school. Gender (astigmatism ≥ 0.50DC, p=0.52; astigmatism ≥ 1.00DC, P=0.6 6 ) a n d a g e ( a s t i g m a t i s m ≥ 0 .50DC, P=0.46; astigmatism ≥ 1.00DC, P=0.53) were not statistically significant factors. 
DISCUSSION
In the present study, Yongchuan District was chosen for this study because its population, location, and socio-economic development level were representative of Western China. Among 3469 children selected, we examined 3070 (88.50%), a high participating rate that ensured the data quality of this study. S e v e r a l r e a s o n s c o n t r i b u t e d t o t h e s u c c e s s o f o u r study. Historically, as there are few optometrists and ophthalmologists in Yongchuan District, our efforts were well accepted by parents and children. Local governments, the Health Bureau and Education Commission in Yongchuan District, and school authorities widely supported this study. Additionally, the medical team set up a checkpoint in every sampled village at convenient locations to facilitate the study. Most subjects actively participated in the study and eye examinations, and we only compensated a few subjects who initially hesitated to participate in examinations for their time.
I n t h e s t u d y , t h e n u m b e r s o f t h e subjects of 6-year-olds and 15-year-olds were relatively smaller than other age groups. T h e r e a s o n s m a y b e t h a t 6-year-olds were less likely to cooperate with an eye exam and many 15-year-olds were unwilling to delay their school work (cycloplegia could cause difficulties in reading and writing for up to two days).
The refractive distribution in the 6-8-year-old group was close to a normal distribution situated toward emmetropia and hyperopia diopter ranges. Although most children had emmetropia and hyperopia in the 9-12 years and 13-15 years age groups, increased myopia in those age groups led to negatively skewed distributions. This observation was similar to Elvis's study in Australian children [22] . The distri-butions of refractive frequency for various ages displayed a clear change in shape. The pattern of refractive distribution at every age, indicated that, from age 8, the distribution became negatively skewed: age 8's distribution was only slightly skewed negatively (-0.4 3 ) , a n d t h i s s k e w n e s s b e c a m e m ore prominent f r o m a g e 9 ( -2.34). Therefore, we speculate that the distribution shift from positive-skewed to negative-skewed happens around age 8-9 and that, since this shift could be explained by an increased in myopia, ages 8 and 9 are the critical ages for occurrence of myopia. Similarly, we found that age had a significant influence on the prevalence of hyperopia and myopia. As age increased, the prevalence of hyperopia significantly decreased and the prevalence of myopia increased. Based on the definitions of hyperopia (≥+2.00 DS) [23, 24] and myopia (≤-0.50 D SE) [22, 23, 24] , the occurrences of hyperopia was greater than myopia in ages 6, 7, and 8 while the occurrences of myopia became greater than hyperopia in age 9 and onward. This shift in myopia occurrence further demonstrate that ages 8 and 9 are critical ages for the refractive distribution. Therefore, more attention should be paid to 8-9-year-olds, in order to delay the occurrence and progression of myopia.
The overall prevalence of myopia was 13.75%, lower than the 16.2% reported in Shunyi County, Beijing [8] and 35.1 % r e p o r t e d i n L i w a n D i s t r i c t , Guangzhou [10] . Even though ethnicity was similar in the three regions, geographic locations and economic developments were different. Therefore, we infer that environmental factors may influence the occurrence and development of myopia. Several reasons may contribute to the lower prevalence of myopia in the Yongchuan District. Compared with Beijing and Guangzhou, Yongchuan District is located in Western China, where children's learning intensity was generally lower and video-contacting time was shorter. Furthermore, Western China has more green plants, so the school-age children in this region were closer to nature.
T o f u r t h e r p r o v e t h e e f f e c t s o f e n v ironmental factors on refractive errors' prevalence, we compared t h e p r e v a l e n c e i n c h i l d r e n f r o m a c a d e m i c a l l y c h a llenging schools to regular schools in the same administrative area. We discovered that academically challenging schools had more myopic children (32.68%) than the regular schools (9.78%). To explain this finding, we added up school students' average reading and writing times based on course schedule, counseling after class, and homework time (Table 6 ). Our investigation showed that children in academically challenging schools spent more time reading and writing than those in regular schools. In Grades 1-3, the study time differences could be up to 107 minutes per day, and in Grades 4-6 and Grades 7-9, the study time differences could be up to 160 and 224 minutes per day. The result reflected a close relationship between study intensity and myopia. Near-work activi t y m a y c o n t r i b u t e t o t h e d e v e l o p m e n t o f m y o p i a . Similar results were obtained from researches in Singapore [25] , Israel [26] , rural area in Northern China [27] , HongKong [28] , a n d O r i n d a [29] . The myopia prevalence's comparison between academically challenging schools and regular schools demonstrated how environmental factors may alter refractive distribution. Study time in class: times when the teachers were actually lecturing in class.
Self-study time at school: sometimes teachers gave additional lectures while other times the students studied themselves.
Homework time outside class: times that the students spent outside school to finish up homework.
One of our most significant findings was the relationship between school type and the astigmatism prevalence. A c h a l l e n g i n g s c h o o l r e f e r s t o t h e o n e with skilled teachers, good infrastructure, much more investment from local government than non-challenging schools, and high university enrolment rates. C o m p a r e d t o a g e n e r a l s c h o o l , a c h a llenging school has a more competitive learning environment. This may encourage the enrollment of more talented students and may appeal to teachers with additional qualifications. Moreover, both teachers and students live stressful lives in the challenging school.
There are more demands placed on teachers to produce students with good academic qualifications while there is more homework for students. Comparing astigmatism prevalence between academically challenging and regular schools, we discovered that the prevalence rates of myopic astigmatism and hyperopic astigmatism in academically challenging schools were significantly higher than those in regular schools. Furthermore, mild astigmatisms (≥ 0.50DC, P<0.0 0 1 ) b e t w e e n s c h o o l s v a r i e d m o r e s i g n i f i c a n t l y than moderate astigmatism (≥ 1.00DC, P=0.004). As mentioned above, students from academically challenging schools spend much more time reading and writing than those from regular school. We speculate that prolonged lowering of the upper eyelid during reading and writing can cause pressures on eyeballs, specifically corneas. These pressures may result in mild morphological changes on corneas which result in hyperopic and myopic astigmatism, especially mild astigmatism. Several research studies proved that eyelid's pressures such as granuloma, chalazia [30, 31] , and congenital ptosis [32, 33] can contribute to astigmatism [34] . These findings support our inference. We therefore conclude that near-work activity may be one of the factors contributing to astigmatism. There was no difference in the mixed astigmatic prevalence between academically challenging schools (n1) and regular schools (n2) (χ 2 =1.658, P=0.198 ). This observation could be due to the extremely small number of students with mixed astigmatism (n1=9, n2=6). Therefore more data is needed to support these findings.
In this study, gender did not correlate with the prevalence of refractive errors, even in academically challenging schools and regular schools. Research in Nepal [11] , Chile [15] and Japan [7] produced similar results.
Several limitations of this study are noted. This study was limited by using only retinoscopy during refraction examination, which could lead to observer bias. The lack of supporting data on autorefraction [35] , axial length, and keratometry, due to the inconvenience in transporting auxiliary equipment on rugged mountain roads in the study regions, should be considered a weakness of this study.
In summary, our results indicate that an increase in studying intensities could lead to increases in myopia and astigmatism occurrences, but it is not clear whether the occurrence increases were caused by prolonged near-work activities or reduced outdoor activities because of increased studying intensity, and further studies are needed to ascertain the most significant contributors. A recent report [36] (Rose et al., 2008) suggests that outdoor time is protective against the development of myopia, rather than near-work causing myopia. We emphasize the importance of reducing near-work activity and preserving outdoor time in the setting of academically demanding schedules to reduce the prevalence of myopia.
